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PREFACE. 

The  investigation  here  recorded  was  a  study  of  the 
osmotic  pressures  of  cane  sugar  solutions  at  2C  .  It  is  one 
of  a  series  of  investigations  having  for  their  object  the 
establishment  of  the  temperature  coefficient  of  the  osmotic 
pressures  of  cane  solutions,  ranging  in  concentration  from 
one  tenth  weight  normal,  to  normal  at  intervals  of  5°  be- 
tween C°  and  25°  -  30°. 

Those  phases  of  the  subject  which  are  dealt  with 
in  this  paper  are: 

1.  Purification  and  analysis  of  the  cane  sugar. 

2.  Improvements  in  apparatus. 

3.  The  measurements  at  20°  and  their  discussion. 


1.  Vorse,  Frazer  and  Dunbar,  Am.  Chem..  J.,  38,  2,  19C7. 
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Purifi cation  and  Analysis  of.  _the_-^^Q_§}j£gj'. • 

The  methods  in  use  at  this  laboratory  for  measur- 
ing osmotic  pressures  having  reached  a  high  state  of  accur- 
acy it  became  desirable  to  make  the  measurements  with  a  sin- 
gle stock  of  sugar  of  kno\vn  purity.  Previously,  while  the 
methods  were  in  a  less  satisfactory  state,  the  sugar  used  was 
the  purest  obtainable  comir:ercial  rock  candy,  the  uniformity 
of  -A-hick  was  only  assured  within  certain  limits. 

The  method  of  purification  employed  was  essentially 
that  described  by  Cohen  and  Comoielin  .  The  original  materieil 
was  a  rock  candy  crystallized  by  a  local  firm.  This  was  ground 
in  a  porcelain  mortar,  and  dissolved  in  previously  boiled,  dis- 
tilled water,  warmed  in  a  por:;elain  dish  over  a  water  bath  for 
not  longer  than  twenty  minutes,  and  at  a  temperature  never  al- 
lowed to  exceed  60°. 

When  approximate  saturation  was  obtained  in  this  man- 
ner, the  solution  was  quickly  filtered  with  suction,  and  pre- 
cipitated with  98  per  cent  ethyl  alcohol,  which  had  previously 
been  distilled  from  lime  through  a  column  of  beads.  Samples  of 

1.  Zt.  phys.  Chem..,  64,  1. 
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this  alcohol  were  tested  from  time  to  time  and  found  free 
of  lixne.  The  precipitcited  sujjfir  was  filtered  with  suction, 
and,  after  draining  three  to  six  hours,  was  washed  with  85 
per  cent  ethyl  alcohol.  To  riake  the  washing  the  more  thorough, 
the  sugar  was  each  time  removed  from  the  funnel,  and  stirred 
vigorously  with  the  alcohol.  Thirty- tv^o  kilo  lots  of  the  sug- 
ar at  this  stage  were  very  carefully  mixed,  and  then  in  small 
lots  again  subjected  to  the  sam.e  process  of  purification.  In 
addition  to  the  washing  with  ethyl,  hot  methyl  alcohol  was  usod 
for  the  final  washing.  The  separate  preciritates  were  very 
thoroughly  mixed  with  each  other,  dried  at  60°,  and  bottled 
after  another  thorough  mixing.  Sixteen  kilograms  of  this  twice 
precipitated  sugar  constitutes  the  supply  which  has  been  drawn 
upon  for  all  measurements  since  March  26th,  1909.  Previously, 
since  January  1st,  a  sm.aller  sample  of  three  times  precipitated 
sugar  had  been  used.  A  large  portion  of  the  stock  has  been  kept 
over  calcium  chloride  to  insure  dessication  and  the  removal  of 
alcohol  before  use. 

In  the  following  analyses  "Sample  A"  designates  the 
original  rock  candy,  B  the  once  precipitated,  C  the  twice  pre- 
cipitated, and  D  a  small  preliminary  batch  which  was  carried 
through  three  precipitations. 

Combustions  with  electric  furnace. 
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Sample  A 

^  H  ^  C 

6.432 42.156 

(6.5C6 42.235)-'- 

6.495 42.081 

_±.4JJj_ .42.090 

Ave  rage  6 . 48 8  4  2 . 109 

Theoretical     6.482  42.083 

Difference       +.CC6  +.026 


Sample  B 

%  H  ^  C 

6.430 42.116 

6.451 42.059 

_6j465j^ jd2_.151_ 

Avorage  6.^445  42'.icr8~ 

Theoretical     6.482  42.083 

Difference       -.037  •f.025~ 


Sample  C 
in  %  C 

6.466 42.151 

6.420 42.061 

6.471 42.116 


Average  6.452  42.116 

Theoretical     6.482  42.083 

Difference       -.030  -t-.C33'" 


Sample  D 
^  H  fa  C 

6.484 42.047 

6.410 42.104 

6.453 42.009 

6.487 42.031 

6.485. .42.101 

Average  6 . 464  42 . 058 

Theoretical     6.482 42.063_ 

Difference   -.018        -.025 

l.Fot  averaged  although  no  error  in  the     determination  was 
detected. 
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Ash. 

A  large  knov/n  weight  of  each  sample  was  incinerated 
in  a  platinum  crucible  protected  from  the  free  flame  by  a 
porcelain  dish.  All  samples  showed  an  ash  content  of  from  21 
to  50  parts  per  million.   Each  residue  gave  a  test  for  iron, 
although  the  sugar  came  into  contact  with  iron  at  no  tiirse  dur- 
ing the  process  of  purification.  In  order  to  make  sure  that  no 
contamination  by  the  lime  used  in  concentrating  the  alcohol  had 
occurred,  35  grams  of  Sample  C  were  charred,  and  partly  incin- 
erated to  reduce  its  voliome  and  a  spectroscopic  examination  for 
calcium  was  made  with  the  electric  arc  and  a  Rowland  grating, 
and  again  with  the  Bunsen  flame  and  a  prism  spectroscope. 
Duplicate  exam.inaticns  with  different  incinerated  samples  were 
made  in  each  case.  In  no  case  was  a  trace  of  a  calcium  line 
discovered  by  visual  or  photographic  exploration  in  the  visual 
region  of  the  spectra.  Dr.  Pfund  of  the  Department  of  Physics, 
who  made  the  examination  with  the  Rowland  grating,  then  photo- 
graphed for  the  brilliant  K  and  K  lines  of  the  ultra  violet,  and 
only  found  them  in  about  the  same  intensity  as  in  the  photo- 
graph with  the  comparate  blank  carbons. 

Reducing  Sugars. 
Analysis  for  reducing  sugars  were  made  in  accordance 
with  the  directions  described  in  Methods  of  Analysis  Adopted  by 
the  Association  of  Official  Agricultural  Chec.ists  ,  "for  materi- 


1.  Bulletin  46,  D.S.Dept. Agriculture. 


7. 
als  containing  1  per  cent  or  less  of  invert  sugar  and  a  high 
percentage  of  sucrose? 

Since  the  precipitate  in  each  case  contained  con- 
siderably less  than  50  milligrams  of  copper,    the  lowest   figure 
in  Herzfeld's  table,   and  since  there   is  no  statement  either  of 
the  method  of  extrapolation  nor  of  the  standard  sugar  used  in 
preparing  this  table,    the  method  was  abandoned  for  that  of 
Soldiani  as  modified  by  Ost   .     Preliminary  experiments  with 
aliquot  portions  of  known  glucose  solution  gave, 

1.   C.0C89   g  taken.  2.   0.0C89  g  taken. 

0.0088  g  found.  0.0089   g  found. 

Using  10  gram  portions  of  each  sam.ple  the  following  data  wore 
obtained.     Ost's  table  for  conversion  of   copper  to  the  equiva- 
lent of   invert  sugar  form  the  basis  of  the   calculations: 

Sample     Grams  Cu  Grams     invert  Percent  of   invert 

found  sugar  calculated  sugar  in  sample 

A  0.0277 0.0C81 

C.028C 0.0082 

0.0293 0.0085 

0. 0283 .0.0083 

0.0083  0.083 

B  0.0100. 0.0017 

0.0137 0.0019 

0.0142 .0.0018 

0.0018'  0.018 

C  0.0C85. ..less  than  0.0017 

0.0106 0.0018 

0.0106 0.0017 

0.0062... less  than  0.0017 

less  than  0.0017     less  than     0.017 

D     '  0.0065. . -less  than  0.0017 

less  than  C.0017       less  than  0.017 


1.  Wiley   :Practice  of  Agricultural  Chemistry,   Vol. III. 
i.    Only  one  analysis  of  D  made  because  of  low  supply. 
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According  to  these  analyses,  a  normal  solution  of 
Sample  C  would  be  about  lT/3300  with  respect  to  invert  sugar. 
If  we  assume  that  one  molecule  of  invert  sugar  takes  the  place 
of  one  molecule  of  sucrose,  and  that  the  second  molecule  of  the 
two,  which  together  approximate  the  weight  of  one  molecule  of 
sucrose,  is  the  only  one  which  will  produce  an  error  in  the  os- 
motic pressure,  then  we  may  say  that  a  normal  solution  of  SampDe 
C  woiild  have  a  tioie  normality  of  approximately  1  +  I/66OO.  A 
further  striking  qualitative  difference  between  the  original  aid 
purified  sarriples  should  be  noted.  The  original,  at  the  moment 

of  incipient  boiling  with  the  Soldaini  reagent,  formed  a  heavy 

with 
green  cloud,  while^the  purified  sugars  the  reagent  kept  its 

fresh  color  and  the  precipitate  was  only  noticed  v/hen  filtered. 
The  United  States  Bureau  of  Standards  has  been  given 
samples  of  A,  B,  C,  and  D  upon  which  it  is  conducting  tests.  A 
formal  report  of  these  has  not  yet  been  received.  It  will  in- 
clude determinations  of  the  invert  sugar,  and  of  the  rotations, 
in  both  of  which  the  Bureau  is  making  every  effort  to  attain 
the  greatest  accuracy  at  present  possible.  A  preliminary  re- 
port on  the  tests  for  invert  sugar  has  been  received  in  which 
it  is  stated  that: 

"Sample  A  contains  betv^een  COQ'/a  and  O.C8^ 

"   B    "       "    0.02^0  "  0.015^ 

•»   C    "       "    0.02f.  "  O.Olfo 

"   D    "  less  than  O.Ol^b 

The  relative  difference  between  B  and  C  is  about 


1.  By  R.  F.  Jackson. 
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0.0C3  per  cent  and  between  C  and  D  is  0.005  per  cent. 

A  comparison  of  thes©  determinations  with  those  made 
in  this  laboratory  'ffill  show  that  the  agreement  is  fairly  close 
in  the  third  decimal  place. 

I  think  it  pemissitle  to  quote  from  the  informal  re- 
port, that  Sample  D  as  regards  invert  sugar  compares  very  favor- 
ably with  the  best  prepared  at  the  United  States  Bureau  of  Stand- 
ards and  is  much  superior  to  the  best  sugar  sent  out  by  the  In- 
stitute fOr  Zuckerindustrie  in  Berlin. 

Freezing  Point  Lowerirgs. 
Dr.  Turner,  of  this  laboratory,  who  made  some  very 
careful  detenninations  of  the  freezing  point  lowerings  of  nor- 
mal solutions  of  each  sample,  has  kindly  allowed  me  to  publish 
his  final  averages.  The  details  of  his  work  will  be  published 
later.  The  following  molecular  lowerings  for  the  normal  solu- 
tions employed  are  accurate  to  ±0.001,  with  their  absolute, 
but  not  relative  values  subject  to  a  possible  slight  modifica- 
tion when  the  thermometer  is  still  more  carefully  calibrated. 

Sample  A  -  29037 
"    B  -  29041 
«    C  -  29C41 
"    D  -  2°  048 
A  slight  but  distinct  gain  in  the  moleciaar  lower- 
ing is  seen  to  have  resulted.  That  this  occurred  in  spite  of 
the  distinct  lowering  in  the  content  of  invert  sugar  is  strange. 
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That  it  could  be  due  to  alcohol  in  the  sugar  is  improbable 
because  some  very  careful  tests  failed  to  reveal  any  indica- 
tions that  alcohol  was  present,  and,  furthermore,  because  des- 
sication  _in  vacuq  over  calcium  chloride  gave  ample  opportunity 
and  time  for  the  removal  of  alcohol  before  the  freezing  point 
determinations  were  made.  One  consideration  to  which  great  im- 
portance is  not  attached  is  this.  Hot  methyl  alcohol  was  used 
for  the  final  washing  of  each  of  the  purified  samples.  Accord- 
ing to  its  comparatively  greater  solubility  in  methyl  alcohol, 
raffinose,  a  normal  constituent  of  cane  sugar,  should  therefore 
have  been  rapidly  removed.  The  assumption  that  raffinose  of 
higher  molecular  weight  than  saccharose  was  rapidly  removed  by 
the  methyl  alcohol  is  in  harmony  with  the  observed  increase  in 
molecular  lowerings. 

A  sumiriary  of  the  analyses  of  Sample  C,  the  stock  used 
in  the  measurements  of  osmotic  pressures,  is  now  given. 

Percentage  Carbon 42.166 

Percentage  Hydrogen 6.452 

Percentage  Invert  Sugar.  0.01  -  0.02 

Percentage  Ash about  0.003 

Iron trace 

Calcium none 

Alcohol none 

Kormal  molecular  lower- 
ing of  the  freezing 
point -2'?C41 
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iwproveiaEkts  in  apparatus. 

The  apparatus  and  methods  used  at  this  laboratory 
in  determining  osmotic  pressures  have  been  described  in 
previous  publications.   A  few  minor  improvements  are  to  be 
noted. 

Those  who  have  followed  the  work  will  recall  that 
the  principle  of  temperature  regulation  employed  is  to  pump 
the  water  rapidly  over  coils  of  pipe  kept  by  ininning  water  a 
little  below  the  temperature  desired  in  the  bath,  and  then 
ove  r an  electric  stove,  which  is  controlled  by  a  thermostat. 
By  regulation  of  the  thermostat  any  desired  temperature  may 
be  maintained  between  that  to  which  the  cooling  pipes  can 
lower  the  water  and  that  to  which  the  electric  stoves  can 
warm  it.  The  air  space  is  kept  at  constant  temperature  in 
accordance  with  this  same  principle,  a  fan  taking  the  place 
of  the  pump,  and  an  electric  light  serving  as  stove.  Because 
of  the  different  heat  capacities  of  air  and  water  and  the 
different  volumes  of  each  in  the  bath,  it  was  found  advan- 
tageous to  separate  into  tv;o  sections  the  cooling  pipes 
which  had  previously  been  in  series  for  the  cooling  of  both 
air  and  water  spaces.  Each  may  no*  be  separately  controlled. 
Through  the  winter  months  the  cooling  pipes  in  the  air  space 


1.  VoTse   and  Frazer,  Am.  Chem.  Jour.,  28,  1  (1902). 

Ibid.,  36,  1  (19C5). 
Worse  and  Lovelace,  Ibid.,  40,  4  (1908). 
Vorse  and  Fears,  Ibid.,  40,  3  (1908). 
Vorse  and  Holland,  Ibid.,  41,  2  (1909). 
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were  not  used  because  the  temperature  of  the  outside  roonri 
was  sufficiently  low  to  produce  the  proper  cooling.  A  more 
even  temperature  environment  for  the  bath  was  furnished  by 
the  installation  of  a  fan  in  the  room  outside  the  bath.  Be- 
cause of  the  relatively  lov/  heat  capacity  of  air,  the  air 
space  in  the  bath  is  the  more  difficult  space  to  keep  at 
constant  temperature,  but  it  can  be  done  with  a  fair  degree 
of  success  if  the  heating  and  cooling  sources  are  nicely  ad- 
justed so  that  the  air  will  not  pass  over  either  an  excessive- 
It  cool  nor  an  excessively  warm  surface.  For  the  maintenance 
of  constant  temperature  we  are  of  course  dependent  in  large 
measure  upon  the  sensitiveness  of  the  mercury  and  glass  ther- 
mostats. The  least  sparking  of  these  will  cause  fouling  of 
the  mercury,  and  early  in  the  year  considerable  trouble  was 
definitely  traced  to  this  cause.  The  means  which  haA  been 
used  to  prevent  this  was  the  spanning  of  the  spark  gap  by 
the  proper  resistance,  either  that  of  a  7b  volt  16  candle 
power  electric  light  filament,  or  that  of  graphite  painted 
over  a  porcelain  tube.  To  eliminate  the  sparking  altogether, 
tin  foil  condensers  were  used  to  span  the  spark  gaps.  Al- 
though these  tin  foil  condensers  alone  give  every  evidence 
that  they  completely  absorb  the  induced  currents,  which  have 
caused  sparking  in  the  thennostats  at  the  "break",  we  have 
"made  assurB.nce  doubly  sure"  by  leaving  in  parallel  with  each 
condenser  as  a  "by  pass"  the  resistance  formerly  used  alone. 
Several  thermostats  which  have  been  used  in  various  baths  a- 
bout  the  laboratory,  have  worked  perfectly  since  their  spark 
gaps  have  been  "spanned"  with  these  condensers.  It  has  been 
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noted  that  when  the  platinian  point  and  the  surface  of  the 
mercury  are  very  clean  the  mercury  will  wet  platinum.  The 
result  is  that,  when  the  thermostat  cools,  the  mercury  still 
clings  to  the  platinum  point,  and  the  breaking  of  the  circuit 
will  therefore  occur  at  a  slightly  lov/er  temperature  than  the 
"make".  This  is  easily  remedied  by  rubbing  the  finger  over 
the  platinum  tip  until  it  is  found  that  the  platinum  will 
touch  and  leave  the  mercury  meniscus  sharply. 

After  these  two  sources  of  trouble  were  remedied 
the  water  space  kept  at  20°  for  a  period  of  two  months  at 
a  stretch  to  within  about  ±   09C05,  except  at  three  observa- 
tions when  the  deviation  was  +  09ci  due  to  stoppage  of  the 
water  in  the  cooling  pipes.  The  air  space  during  this  peri- 
od though  far  more  difficult  to  keep  constant  did  so  with 
only  an  occasional  observed  deviation  of  ±  0905  except,  of 
course,  when  the  bath  was  opened  to  change  the  cells. 

In  order  to  insure  constant  temperature  of  the 
nitrogen  volvme  of  the  manometers,  it  seemed  desirable  to 
eliminate  as  far  as  possible  the  l:eating  effects  of  the  e- 
lectric  light  used  in  the  readings.  Accordingly,  a  device 
was  made  by  which  the  infra  red  waves  of  the  light  were  cut 
off.  A  4  per  cent  solution  of  nickel  sulphate  was  used  at 
the  suggestion  of  Dr.  Pfund  of  the  Department  of  Physics, 
and  this  was  enclosed  between  glass  plates  forming  a  screen 
about  1  inch  thick.  An  8  candle  power  electric  light  bulb, 
frosted  to  provide  a  soft  diffused  light,  was  placed  behind 
this,  and  the  intensity  of  the  illumination  increased  by  a 
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reflector  made  of  a  silvered  watch  glass.  Tests  made  with 
a  thermocouple  showed  that  the  radiant  energy  emitted  throu^ 
the  nickel  sulphate  screen  was  but  1  per  cent  of  that  given 
by  the  unscreened  light.  The  green  color  obtained  by  this 
method  of  illumination  is  also  thought  to  enhance  the  detail 
of  both  mercury  meniscus  and  silvered  meter  bar.  One  of  these 
devices  has  been  used  in  the  determination  of  the  normal  vol- 
umes of  the  manotriOters . 
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THE  KEASUHEMEKTS. 
PRELIMINARY  DISOTSSION. 

Sir.ce  this  investigation  had  for  its  object  the 
establishnient  of  one  link  in  the  chain  of  data  whereby  the 
temperature  coefficient  of  osmotic  pressures  may  be  estab- 
lished, relative  rather  than  absolute  pressures  were  sought. 
With  this  in  view  the  technique  and  conditions  employed  in 
measurements  at  other  temperatures  were  followed  as  closely 
as  possible. 

In  this  connection  attention  shoiaild  be  called  to 
two  well  recognized  errors,  which  have  but  little  significance 
in  the  present  investigation  but  which  render  the  data  some- 
what inaccurate  for  the  comparison  of  high  with  low  pressures. 
In  our  manometer  data  the  volume  correction  in  calibration  u- 
nits  for  the  double  meniscus  is  taken  as  two-thirds  the  radius 
of  the  bore.  This  is  based  on  the  assumption  that  the  menis- 
cus in  these  small  bores,  of  about  half  a  millimeter  diametar, 
is  approximataly  hemispherical.  Since  it  is  knovm  that  the 
meniscus  leaves  the  glass  even  in  capillaries  of  this  size  at 
an  angle  much  greater  than  zero,  and  since  actual  observation 
of  tha  form  of  the  meniscus  shows  it  to  be  considerably  less 
than  hemispherical,  the  2/3r  correction  is  doubtless  too 
large.  TJith  low  pressures  the  error  will  be  insignificant, 
but  when  the  nitrogen  is  compressed  to  l/27th  its  volume  un- 
der standard  conditions  by  the  pressure  of  a  normal  solution, 
a  small  error  in  this  small  observed  volume  mil  produce  a 
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consiilsrabla  error  in  the  calculated  pressure.  It  would, 
therefore,  be  unjust  to  claim  for  the  present  series  of  in- 
vestigations great  accuracy  in  the  comparison  of  high  with 
lo//  pressures  for  the^urpose  of  substantiating  a  law  similar 
to  Boyle's.  But,  since  the  normal  volumes  of  the  manometers 
are  of  about  the  same  order  of  magnitude,  and,  sines  they  are 
compressed  to  about  equal  degrees  for  the  sane  concentration 
of  sugar  at  the  various  temperatures  employed,  the  error  is 
of  little  significance  in  thelpurpose  of  the  present  series  of 
measurements. 

The  second  error,  to  which  attention  was  called  in 
1907  ,  is  one,  which,  if  it  exists,  makes  the  data  inaccurate 
for  the  comparison  of  high  with  low  pressures.  But  this  a^ain 
would  not  alter  the  value  of  the  data  for  use  in  determining 
the  temperature  coefficient  except  perhaps  by  an  indirect  ef- 
fect to  which  attention  will  be  called  later.  The  error  lies 
in  the  possibility  that  the  membrane  formers  arc  not  isosmot- 
ic.  If,  for  example,  the  concentration  of  the  potassium  fer- 
rocyanide  on  the  interior  is  less  than  osmotically  equivalent 
to  the  copper  sulphate  on  the  exterior  of  the  membrane,  a  con- 
stant positive  correction  should  be  applied  in  order  to  obtain 
the  true  osmotic  pressure  of  the  cane  sugar.  Obviously  this 
constant  correction  would  be  of  greater  signif icsince  to  the 
low  than  to  the  high  pressures.  But  an  example  will  show  that 
this  error  would  have  to  be  large  to  affect  the  sought  for 
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tempera turo  ooeffioient.  Let  us  take  a  measurement  of  a 
0.5  II  solution  that  gave  an  observed  osmotic  pressure  of 
11.890  atmo shares  at  0°,  and  one  of  the  same  concentration 
that  gave  a  pressure  of  12.750  atmospheres  at  20  .  The''the- 
oretical  gas  pressure"  of  such  a  solution  is  11.133  atmos- 
pheres at  0°,  and  11.950  at  20°.  The  ratio  of  osmotic  to 
gas  pressure  for  the  former  was  found  to  be  1.068  and  for 
the  latter  1.067.  Assume  now  that  the  potassium  ferrocyanide 
and  copper  sulphate,  used  to  protect  the  membrane,  differ  in 
osmotic  pressure  by  as  much  as  -0.03  atmosphere.  Unless  the 
potassium  ferrocyanide  itself  affects  the  osmotic  pressure  of 
the  cane  sugar,  we  are  justified  in  adding  this  0.03  atmos- 
phere to  obtain  the  pressure  due  to  the  sugar  alone.  We  then 
obtain  as  the  corrected  pressures  11.920  at  zero  and  12.730 
at  20°,  giving  for  the  ratio  at  zero  1.071  and  for  the  ratio 
at  20°,  1.070.  Each  ratio  is  considerably  changed  by  this 
correction  but  each  by  the  same  amount  so  far  as  the  third 
decimal  place  is  concerned,  and  hence  the  temperature  coef- 
ficient is  seen  to  have  remained  analtered.  In  this  calcu- 
lation the  assumption  has  been  made  that  the  temperature  co- 
efficients of  dissociation  for  the  two  membrane  foraers  are 
practically  equal  in  the  range  of  temperature  used. 

Sources  of  error  which  would  render  the  measure- 
ments inaccurate  for  the  determination  of  the  temperature 
coefficients  have  not  been  overlooked.   A  change  of  tem- 
perature in  the  air  space  of  0°1  will  not  affect  the  ratio 
seriously,  and  can  always  be  allowed  for  in  the  calculation; 
but  a  siioilar  fluctuation  in  temperature  in  the  water  space, 
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that  is  in  th9  neighborhood  of  the  cell  itself,  cannot  be 
allowed  for  in  the  calculation,  because  it  involves  the  ex- 
pansion or  contraction  of  C9''-1,  solution,  brass  cone  and 
collar,  and  the  mercury  in  the  bulbs  of  the  manometer.  It 
has,  therefore,  been  our  practice  to  plug  the  tops  of  the 
cans,  into  which  the  colls  are  set,  with  cotton,  so  that  any 
change  of  temperature  in  the  air  space  could  only  permeate 
slowly  to  the  cells  and  the  bulbs  of  the  manometers.  Of  the 
two  hundred  and  eighty  observations  which  are  included  in  the 
following  tables,  fourteen  were  made  when  the  temperature  of 
the  water  bath  varied  from  20°  more  than  0?01,  and  in  but  two 
was  the  variation  greater  than  0?03.The  variations  in  each  of 
these  two  cases  was  0^3.  The  maximum  probable  errors  in 
weighing  the  solutions,  of  inclination  of  the  manometers  to 
the  meter  bar,  and  of  the  barometric  readings,  could  only  af- 
fect the  ratio  in  the  fourth  decimal  place.  A  recent  calibra- 
tion of  the  meter  bar  used  with  the  cathetometer,  shows  a  peri- 
odic error  of  0.02  mm.  for  alternate  millimeter  marks.  This  in 
conjunction  with  the  unavoidable  errors  in  reading,  may  have  af- 
fected the  ratios  of  the  higher  concentrations  to  a  very  slight 
extent.  We  have  sought  to  reduce  the  errors  of  reading  to  a 
minimum,  both  by  check  readings  by  two  or  more  observers,  and 
by  keeping  ingorant  of  the  figures  found  on  the  previous  ob- 
servation. The  agreement  has  been  very  satisfactory.   In 
checking  the  concentration  of  the  solutions  before  and  after 
the  measurements,  by  means  of  the  saccharimeter  the  agreement 
of  different  observers,  and  even  of  the  same  observer,  has  not 
been  so  satisfactory.  After  an  extended  series  of  comparative 
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readings  we  are  of  the  conclusion  that  for  a  solution  of 
average  clearness,  darkened  as  it  always  is  by  the  potas- 
sium ferrocyanide,  0.1  point  on  the  scale  of  our  Schmidt 
and  Plaensch  saccharimeter  is  the  limit  of  our  accuracy. 
When  the  difference  in  rotation  between  the  solution  as 
made  up  and  the  solution  at  the  clo^  of  an  experiment, 
both  compared  at  the  same  time  and  temperature,  was  distinct- 
ly as  great  as  0.1,  we  made  it  a  practice  to  discard  the 
measurement.  All  differences  less  than  this  are  recorded 
as  "no  loss  in  rotation".  One  tenth  point  error  in  the  sac- 
charimeter reading  corresponds  to  0.001  in  the  ratio  for  a 
normal  solution,  0.002  in  the  ratio  for  a  0.5  H,  and  as  much 
as  0.008  in  the  ratio  for  a  0.1  H  solution;  and  only  within 
these  limits  are  the  ratios  certain  to  be  unaffected  by  change 
in  the  concentration  of  tho  solutions. 

We  have  therefore,  taken  pains  to  prevent  the  di- 
lution or  concentration  of  the  solution  which  inevitably  ac- 
companies four  blunders  in  good  technique.   In  the  firstplace, 
the  cells  before  being  set  up  are  filled  and  kept  in  thymol 
water.  A  thorough  rinsing  of  the  interior  with  the  sugar  so- 
lution is  therefore  necessary,  else  the  solution  will  become 
diluted  by  the  water  which  clings  to  the  interior  of  the  cell. 
Secondly,  the  solution  which  has  been  finally  poured  into  the 
cell,  will,  in  exerting  its  osmotic  pressure,  cause  water  to 
permeate  the  membrane  with  resulting  dilution  of  tho  solution, 
unless  the  manomotor  is  quickly  fastened  in  place  and  an  ini- 
tial "mechanical  pressure"  brought  to  bear  by  forcing  the  cone 
down  into  tho  cell  so  that  the  osmotic  pressure  of  the  solution 
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is  balanced  by  the  gas  prassuro  in  the  manometer.  This  one 
point  caused  considerable  trouble  in  fornner  years,  when  the 
means  of  securing  the  manometer  in  place  was  not  developed. 
With  the  present  arrangements,  and  "team"  work,  but  few  sec- 
onds elapse  between  the  time  when  the  solution  is  poured  in- 
to the  cell  and  the  moment  when,  with  the  manometer  firmly 
secured,  the  proper  initial  pressure  is  brou^^ht  to  bear  by 
closin;;;  the  exit  tube  and  forcing;;  the  cone  io'/m   by  screwing 
up  the  brass  collar.  Rapid  manipulation  is  also  essential 
when  the  cell  is  taken  dovm.  In  ';he  third  place,  this  ini- 
tial pre33ur8  must  be  nicely  adjusted  to  balance  the  prob- 
able osmotic  pressure  to  be  developed,  since,  if  too  small 
or  too  great  an  initial  pressure  is  given,  the  solutions  will 
be  diluted  or  concentrated  by  a  volume  of  water  corresponding 
to  the  volume  through  which  the  mercury  in  the  manometer  must 
be  forced  in  order  to  establish  the  equilibrium.  The  small 
bora  of  the  manometer  allows  a  little  range  in  this,  but  in 
extreme  cases,  of  which  we  have  had  some  examples,  concentra- 
tion of  the  solution  has  been  traced  to  the  production  of  too 
great  an  initial  pressure.   Such  cases  have  confirmed  the  stafee- 
ment''-,   "that  the  •mechanical'  pressure  upon  the  solution  muat 
never  exceed  the  maximum  osmotic  pressure".  Concentration  from 
this  source  may  even  escape  detection  because  of  the  operation 
of  one  or  more  of  the  causes  which  subsequently  produce  dilution, 
and  is  consequently  to  be  feared  more  than  dilution.  The  fourth 
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matter  to  which  attention  should  be  paid,  is  the  prevention 
of  fluctuations  in  temperature  just  after  the  cell  is  set  up. 
Tho  cell  in  its  bottle  of  0.1  N  CUSO4  is  immediately  placed 
in  a  small  bath  at  the  proper  temperature  from  v/hich  it  may 
be  conveniently  removed  from  tijne  to  time  for  the  adjustment 
of  the  initial  pressure.  But  the  manometer  projects  into  the 
air  above,  which  is  of  course  at  the  temperature  of  the  labora- 
tory. The  opening  of  a  window,  for  ir.stanco,  will  altartho 
temperature  of  the  nitrogen  in  the  manometer,  and  it  becomes 
troublesome  to  tell  its  pressure.  We  have  been  favored  in 
working  at  20°  by  the  ease  with  which  it  is  possible  to  keep 
the  laboratory  at  nearly  20°  during  this  preliminary  manipu- 
lation. 

An  uncertainty  occurs  in  the  measurement  of  low  pres- 
sures by  reason  of  the  fact  that  the  membrane  is  often  alow  in 
allowing  the  passage  of  sufficient  water  to  compensate  fluctua- 
tions in  barometric  pressure.  The  barometric  pressure  is  of 
course  subtracted  from  the  sum  of  the  pressures  of  nitrogen, 
capillary  depression  and  li^iuids  in  the  manometer  to  obtain 
the  osmotic  pressure.  If  the  barometric  pressure  suddenly 
drops,  and  the  membrane  is  slow  in  allowing  the  escape  of  suf- 
ficient water  to  compensate  for  this  drop,  the  observed  pres- 
sure of  the  solution  is  that  of  the  osmotic  pressure  plus  that 
of  the  former  high  barometer,  and  an  error  is  made  in  subtract- 
ing the  new  low  barometric  pressure.  This  uncertainty  is  often 
evident  when  measuring  the  lower  concentrations,  but,  since  the 
barometric  pressure  is  small  in  relation  to  tho  osm.otic  pressure 
of  high  concentrations,  barometric  fluctuations  have  no  notice- 
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able  effect  upon  these. 

A  very  uncertain  source  o"f  error  lies  in  possible 
variations  in  the  bore  of  the  manometers,   and  the  consequent 
variations  in  the  capillary  depression  when  the  meniscus  is 
at  different  points.     This  error  also  enters  into  the  deter^? 
mination  of  the  normal  volume  of  a  manometer.     The  capillary 
depression  of  each  manometer  is  determined  experimentally,    but 
only  for  one  point.     From  an  inspection  of  the  calibration 
curves  of  the  manometers  the  bore   is  seen  to  vary  in  each  case, 
but  it   is  doubtful  whether  the  variations  are  of  sufficient 
magnitude  to  alter  the  capillary  depression  more  than  a  few 
millimeters.     This  is  a  matter  of   some   importance  to  deter- 
mine experimentally,    sind   it  will  be  made  the  subject  of  an 
investigation  when  accuracy  in  other  directions  becomes  suf- 
ficient   to  warrant   it.      In  this ^attention  raicht  be  called  to 
a  little  point  where  care  has  been  used  in  the  present  investi- 
gation.    The  lower  part  of   the  manometer  is  filled  with  solution 
around  to  the  first  bulb  v/here  it  meets   the  mercury.     If   care   is 
not  taken  to  have  the  mercury  in  this  bulb  at  the  widest  part 
when  the   final  pressure  is  developed,    and  the  surface   is  actual- 
ly near  the  upper  constricted  part,    an  cippreciable  capillary  de- 
pression will  obtain  which  is  not  allowed  for  in  the  calculations. 

In  accordance  with  the  usage   in  the  investigations  at 
other  temperatures,    the   capillary  depression  of  each  manometer 
has  been  reckoned  as  0.02  atmosphere.     As  experimentally  deter- 
mined,   they  actually  range   from  0.015  to  0.023  atmosphere.     Fur- 
thermore,   the  pressure  of  the  solution  measured  from  the  surface 
of   the  liquid  outside   the  membrane  to  its  height  at  the  point 
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where  it  meets  the  mercury  in  the  manometer,  has  in  each  case 
been  taken  as  0.01  atmosphere,  although  it  varies  slightly 
vith  each  manometer  and  with  the  density  of  the  solution.  By 
rounding  off  the  veilues  for  both  capillary  depression  and  pires- 
suro  of  solution,  no  great  error  has  been  introduced,  but  the 
assumption  should  be  noted. 

It  is  to  be  regretted  that  m.ore  measurements  which 
fulfill  the  requirements  to  be  mentioned  were  not  obtained. 
That  they  were  not  is  believed  to  be  due,  in  the  main  to  tv/o 
causes.  The  cells  available  for  the  measurements  had  been 
used  at  0°,  5°  and  10°,  and  it  has  been  observed,  almost  with- 
out exception,  that  cells  used  at  a  low  temperature  are  of 
little  avail  for  m.easurements  at  higher  temperatures  until 
after  a  long  period  of  treatment.  A  reason  for  this  will  be 
mentioned  in  another  connection.  The  cells  used  at  20°  were, 
therefore,  not  in  prime  condition  until  January,  and  indeed 
there  is  some  evidence,  that,  in  spite  of  the  thymol,  the 
slight  growths  of  Penicillium  which  have  been  so  troublesome 
in  the  past,  may  have  infected  parts  of  the  call  wall.  How- 
ever that  may  be,  by  January  manometer  6  had  developed  a  flaw, 
and  5  was  broken.  As  subsequent  investigation  has  shown,  we 
were  left  with  only  one  reliable  manometer,  number  15,  and  pos- 
sibly 21.  Since  the  others  were  at  the  time  supposed  to  be 
thoroughly  reliable,  they  were  often  used  to  the  exclusion  of 
15,  and  not  until  15  was  used  continuously  and  9  came  upon  the 
scene  late  in  Warch  ttert.  reliable  measurements  '<^p#  obtained. 

The  criterions  v;hich  the  measurements  have  been  re- 
quired to  fulfill  in  all  the  series,  as  well  as  in  this, before 
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they  waro  adjudged  acceptable  were:  1.  Constancy  of  tem- 
perature in  air  and  water  spaces.  2.  Constancy  of  osmotic 
pressure  for  a  period  of  at  least  twenty  four  hours.  3.  Ho 
change  in  the  concentration  of  the  solution  that  could  be 
detected  with  the  saccharimeter.   4.  Mo  fault  which  could 
be  detected  in  the  technique  or  in  the  apparatus. 

Of  the  163  experiments  made  at  20  ,  127  had  to  be 
rejected  as  not  fulfilling  one  or  s>ore  of  the  above  require- 
ments. The  remaining  36  are  recorded  in  the  following  tables. 
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THE  MEASURSMETTTS  AND  THEIR  DISCUSS  10 H. 

Table  A  is  a  sunurary  of  the  measure msnts  which 
give  ratios  agreeing  with  those  obtained  recently  at  0°,    5  , 

and  10°.-'- 

In  table  B  are  to  be  found  ratios  lying  between 
those  obtained  in  the  earlier  work  and  those  of  table  A. 

In  table  C  are  sciae  determinations  which  fulfill 
all  the  roquirements  of  good  measurenents,  except  that  a 
curious  discrepancy  in  the  volumes  of  the  manometers  occur, 
which  at  present  cannot  be  explained. 

The  columns  in  the  tables  are,  ir.  order,  the  concen- 
tration of  the  solution  in  tenas  of  weight  normal,  the  number 
of  the  experiment,  the  date  when  the  experiment  was  started, 
the  cell  used,  the  resistance  of  the  membrane  in  ohms  al^the 
close  of  the  electrolytic  renewal,  the  number  of  the  manometer, 
its  vol'ome  in  calibration  units  at  standard  conditions  of  tem- 
perature and  pressure,  the  average  observed  osmotic  pressure  in 
atmospheres,  the  theoretical  gas  pressure  in  atmospheres,  the 
average  difference  between  the  observed  osmotic  pressure  and  the 
theoretical  gas  pressure,  the  average  ratio  of  osmotic  to  gas 
pressure,  the  maximum  deviation  in  the  ratio  from  the  mean  of 
all  the  observations,  the  mean  deviation  of  the  same,  the  time 
period  in  hours  during  which  the  ratio  remained  constant. 

In  tables  A  and  B  only  those  measurements  are  included 


1.  Dissertations  of  ^ies  and  Gill  1909  and  unpublished  work  at 

10  done  in  1909. 

2.  In  the  academic  year  1909-1910. 
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which  were  made  with  manometers  whose  volumes  at  standard 
conditions  of  temperature  and  pressure,  were  determined  by 
the  side  tube  method  described  in  The  American  Chemical  Jour- 
nal for  October  1908.  It  will  be  seen  that  the  manometers  in 
table  C  are  an  entirely  different  set.  The  volumes  of  these 
latter  were  determined  by  comparison  v/ith  a  standard  manometer. 
It  was  hoped  that,  by  the  use  of  this  standard  manometer,  the 
normal  volumes  of  the  experimental  manometers  could  be  calcu- 
lated by  employing  a  greater  range  of  pressure.  Accordingly, 
several  manometers  were  com.pared  with  the  standard.  In  the  case 
of  manometer  21  the  vol'jme  as  calculated  by  comparison  with  the 
standard  under  low  pressures  agreed  very  vrell  with  the  volume 
as  calculated  by  the  side  tube  method.  At  pressures  of  from 
three  to  seven  atmospheres  hov/evsr,  a  minimum  in  the  calculated 
volumes  were  observed  in  all  manometers  compared  with  the  stand- 
ard, and  at  higher  pressures  the  calculated  vol'jme  steadily  in- 
creased with  increasing  pressure. 

This  increase  is  probably  due  to  the  error  in  meniscus 
correction  previously  mentioned;  but,  since  neither  this,  nor 
possible  causes  of  the  minimum,  have  as  yet  been  studied  quan- 
titatively, the  proper  corrections  cannot  be  applied.  Obviously, 
the  only  course  to  pursue  at  present  is  to  bring  all  the  manometers 
to  a  comparable  basis  by  determining  their  normal  volumes  by  one 
method,  preferably  the  side  tube  method  which  is  an  absolute  one. 
Unfortunately,  a  considerable  number  of  measurements  were  made  with 
manometers  11,  13,  20,  22,  and  24  before  there  was  an  opportunity 
to  determine  their  normal  volumes  by  the  side  tube  method.  When 
13  and  24  were  so  redetermined,  their  volumes  wera  apparently  al- 
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tered.  It  is  impossibla  to  say  at  present  to  what  the  dis- 
crepancy is  due,  and  consequently  the  ratios  of  table  G  can- 
not to  placed  with  either  those  of  table  A  or  B.  A  discussion 
of  which  values  should  be  taken  in  these  measurements  v/ould  be 
unprofitable  in  viev;  of  the  total  uncertainty  attached  to  the 
manometer  data.  Furthermore,  in  certain  cases  the  results  are 
vitiated  by  the  probability  that  the  wrong  volume  of  the  man- 
ometer was  chosen  as  the  basis  for  the  calculation  of  the  ini- 
tial "mechanical"  pressure,  and  consequently,  a  concentration 
of  the  solution  may  have  occurred,  as  previously  shovm  to  be 
possible,  with  a  subsequent  compensating  dilution,  and  the 
saccharimeter  would  have  indicated  no  change  in  concentration. 

It  is  to  bo  noted  that  the  high  ratios  agree  very 
well  with  those  found  at  0°,  5°,  and  10°  as  the  following  table 
will  show. 
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High  Ratios  Obtained  in  Recent  Work  Compared 
with  High  Ratios  at  20°. 


Weight  normal 


concentration   0.1     0.2     0.3     0.4     0.5 

1.059  1.061  1.069 

1.059  1.061  1.067 

1.061  1.066 

1.063  1.059  1.067 

mean  1.032       1.062       1.060  1.061  1.067 


Weight  normal 

concentration  0.6     0.7     0.0     0.9     l.C 


Temperature     0° 

1.C61 

5° 

1.082 

1.063 

10° 

1.082 

1.061 

20° 

1.063 

1.061 

Temperature     0° 

1.076 

1.084 

1.094 

1.104 

1.115 

5° 

1.074 

1.084 

1.093 

1.101 

1.115 

10° 

1.072 

1.0S3 

1.092 

1.102 

1.114 

20° 

1.073 
1.074 

1.083 

1.084 

1.091 
1.093 

1.103 
1.103 



mean 

1.115 

The  ratios  in  table  B,  on  the  other  hand,  when  com- 
pared with  the  old  values  found  at  20°  ,  and  with  the  mean 
values  of  the  old  series  V  to  VIII*",  are  found  to  be  above 
these  older  values  in  each  case,  and  to  lie  between  the  low 
ratios  of  the  older  series  and  the  higher  ratios  of  the  more 
recent  investigations.  If  it  is  permissible  to  omit  experi- 
ment 29  simply  because  the  1.037  ratio  is  not  in  agreement  with 
two  other  measurements  of  the  same  concentration,  the  relations 
of  the  ratios  in  table  E  to  the  mean  of  the  ratios  of  series 
V  to  VIII  and  to  the  mean  of  the  higher  ratios  given  in  the 
above  table  are  clearly  sho'jm  in  the  plotted  curves. 


1.  Korso  and  Holland,  Am.  Chem.  Jour.,  41,  4  (1909). 

2.  Ibid.,  page  275. 
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Lov/  Ratios  of  Former  Work  Compared  -ffith 
Low  Ratios  Found  at  20°  This 
Yoar. 


Weight  normal 

concentration     0.1  0.2  0.3  0.4  0.5 

Wean  of   series  VIII 

at  20°  1.055       1.051       1.038       1.042       1.045 

Weight   nonnal 

concentration     0.6  0.7  0.8  0.9  1.0 

Kean  of   series  VIII 

at  20°  1.060       1.C66       1.077       1.084       1.093 


Weight   normal 


concentration     0.1 

0.2 

0.3 

0.4 

0.5 

T^ean  of  series  V- 

VIII,    10°-250  1.054 

1.047 

1.039 

1.040 

1.045 

Weight  normal 

concentration     0.5 

0.7 

0.8 

0.9 

1.0 

Mean  of   series  V- 

VIII,    10°-25°  1.056 

1.060 

1.070 

1.081 

1.086 

Weight   nonnal 

concentration     0.1  0.2  0.3  0.4  0.5 

Vean  ratios  in 

table  B  1.057       1.050-56 


Weight  nonnal 

concentration     0.6 

0.7 

0.8 

0.9 

1.0 

yean  ratios  in 

table  B               1.064 

1.081 

1.089 

1.100 

Perhaps  the  low  values  of  table  B  are  too  fev/  to 
say  definitely  that  they  constitute  a  series  in  themselves, 
but  the  proportionality  between  them  is  striking.  The  sharp 
division  between  the  ratios  of  table  A  and  those  of  table  B 
calls  for  discussion.  The  search  for  possible  explanations 
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will  he   found  to  be  met  with  difficulties  which  are  insuper- 
able in  the  present  state  of  our  Imowledge,  but  a  discussion 
may  be  of  profit. 

At  first  thought  it  might  be  suspected  that  the 
discrepancies  were  due  to  different  manometers.  I^anometer  21 
occurs  only  in  table  B  and  9  only  in  table  A.  Hine  is  not  sus- 
pected; and  21  is  undar  only  slight  suspicion  because  a  recent 
recalibration  indicates  a  slight  change  in  its  bore,  due  per- 
haps to  molecular  changes  in  the  glass.  The  curve  of  the  re- 
calibration  has  been  used  in  the  calculations.  Examining  the 
dates  of  the  measurements  with  5,  6,  and  15,  the  manometers 
which  occur  in  both  tables,  we  find  that  the  one  low  value 
with  5  occurred  after  four  high  values  were  obtained  with  it, 
while  four  low  values  with  15  were  obtained  before  the  six 
high  values.  On  the  other  hand,  the  one  low  value  obtained  with 
the  manometer  5  has  its  date  sandwitched  between  those  of  the 
two  high  values.  If,  in  subsequent  work,  it  should  be  proved 
that  the  manometers  need  more  frequent  standardization  than  has 
been  considered  necessary,  considerations  such  as  the  above  may 
be  of  value . 

Turning  now  to  the  cells,  it  is  seen  that  D  and  0 
alone  occur  in  both  tables.  It  would  be  unfair  however  to  at- 
tribute great  significance  to  thi^  for  an  examination  of  a  con- 
siderable number  of  measursmants,  which  were  rejected  only  be- 
cause of  a  slight  gain  or  loss  in  rotation,  shows  that  other 
cells  included  in  table  A  have  given  low  ratios  in  spite  of 

gains  in  the  rotations  of  the  solutions. 
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We  misht  find  in  the  conditions  or  known  errors 
of  the  experiments  some  constant  factor  which  will  explain 
this  sharp  division  in  the  ratio.  Let  us  inquire  if 
any  such  factor  can  he  discovered. 

It  has  been  suggested  that  the  low  pressures  might 
be  due  to  an  accumulation  of  copr^or  salts  in  the  cell  wall 
during  the  electrolytic  renewal  of  the  membrane.  Although  it 
is  difficult  to  see  how  this  should  affect  certain  measurements 
always  to  about  the  same  degree,  and  not  other  measurements  con- 
ducted under  apparently  the  same  conditions,  the  suggestion  was 
taken  as  the  basis  for  soire  experimental  work.  A  cell,  after 
sitgection  to  the  customary  electrolytic  process  for  the  renewal 
of  the  membrane,  was  soaked  for  ten  days  in  frequent  changes  of 
water.  The  total  v/ater  was  then  evaporated,  the  residue  of  the 
accumulated  thymol  ignited  and  evaporated  with  sulphuric  acid. 
The  residue  of  6  mg.  was  considered  as  that  of  CuSO^  soaked  from 
the  cell  wall.  Had  this  diffused  from  the  cell  wall,  and,  by 
very  slow  diffusion,  contaminated  only  that  portion  of  the  solu- 
tion adjacent  to  the  cell  wall,  it  might  have  had  a  slight  effect 
upon  the  observed  osmotic  pressure.   It  is  impossible  however,  to 
say  what  its  distribution  would  have  been.  In  some  cases  salts 
may  diffuse  out  more  rapidly  than  in  others,  while  it  is  perhaps 
also  possible,  that  the  membrane,  which  inadvertently  accvmulates 
on  the  coil's  exterior,  may  serve  in  some  cases  to  retain  inclosed 
salts  quite  completely. 

Another  cell,  after  the  customary  rinsing,  was  soaked 
for  two  hours  after  electrolysis,  the  time  usually  allowed  between 
electrolysis  and  the  sotting  up  of  a  cell  for  a  measurement.  The 


residue  obtained  in  this  case  was  considerably  bolov/  that 
which  can  be  estimated  by  ordinary  gravimetric  means. 

A   curious  fact,  with  which  this  idea  that  the  coll 
wall  accumulates  salt  has  been  oonnectad  is  observed .when  a 
cell  is  used  more  or  less  continuously  without  giving  it  the 
"rest"  and  the  soaking  out,  which  has  become  a  regular  part 
of  the  procedure.  7?hen  not  given  a  sufficient  "rest"  with 
soaking,  cells  have  developed  constant  but  low  pressures.  A 
notable  case  of  this  was  observed  some  two  years  ago,  and  a 
possible  explanation  is  that  in  rushing  the  colls  into  fre- 
quent measurements  the  repeated  electrolytic  renewal  of  the 
membrane  plugged  the  cell  wall  with  salts,  for  the  soaking  out 
of  which  sufficient  time  was  not  allowed.  In  the  present  in- 
vestigation each  cell  has  been  soaked  about  a  week  between 
measurements  made  with  it. 

Another  attempt  was  made  to  gain  an  experimental 
basis  for  the  supposed  influence  of  salts  accvunulating  in,  and 
diffusing  out,  from  the  cell  wall.  It  has  bean  found  best  to 
renew  the  membrane  in  0.1  N  CJuSO.,  but  the  concentration  of 
CUSO4  used  as  membrane  fonnor  in  a  measurement  is  0.01  H.  It 
would  seem,  however,  that  if  the  membranes  were  renewed  in  a 
solution  of  the  same  low  concentration  as  thjit  into  which  they 
are  placed  during  a  measurement,  there  would  be  less  chance  of 
carrying  over  to  this  dilute  solution,  copper  sulphate  which 
might  have  accumulated  while  the  cell  was  in  the  mora  concentrated 
solution  ordinarily  used.  This  wac  tried,  but  the  uncertainty 
with  any  cell  is  so  great  that  no  conclusions  can  be  drav;n. 

Because  of  the  difficulty  of  drawing  conclusions  from. 
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the  data  obtainsd  fron':  any  of  these  methods  of  attack,  the 
question  v/as  investigated  directly  by  setting  up  cells  with 
very  dilute  solutions  and  open  trsanometers  capable  of  showing 
very  slight  differences  in  pressure,  the  plan  being  to  see 
-.Thether  any  difference  of  pressurs  could  be  observed  betv/een 
cases  when  every  chance  was  given  for  the  cells  to  lose  the 
accuiT'.ulated  salt,  and  cases  when  the  cells  were  supposed  to 
have  had  an  opportunity  to  accumulate  salts  between ^^ their  walls. 
The  experiments  though,  at  first  sight,  both  confirming  and  con- 
tradicting the  hypothesis  they  were  designed  to  test,  were  found 
to  be  so  involved  by  reason  of  some  unexpected  phenomena  that 
the  evidence  desired  can  only  be  untangled  after  further  inves- 
tigations. 

It  is,  of  course,  possible  that  a  rrinute  leak  in  a 
membrane  could  just  counterbalance  the  tendency  of  the  solution 
to  develop  a  maximum  pressure.  It  would  seem,  however,  that 
leaks,  even  if  they  allowed  constant  pressures  to  be  observed, 
v;ould  cause  greater  divergence  in  the  results  obtained  in  dif- 
ferent instances.  Attention  is  called  to  the  agreem.ent  between 
experiments  27  and  102  and  between  experiments  62  and  70.  Fur- 
thermore, the  fact,  that  a  very  careful  study  of  the  original 
and  final  solution  v/ith  the  sacoharimeter  in  experiaients  128  and 
102  showed  no  change  in  concentration  after  the  period  of  89  hours 
in  one  case  and  164"^  hours  in  the  other,  argues  against  leakage. 

A  calculation  will  perhaps  bring  this  point  out  more 
clearly.  If  the  solution  should  leak  through  the  membrane  and 


1.  The  maintenance  of  constant  pressures  for  periods  of  this 
length  would  seem  to  indicate  a  truly  semipermeable  membrane. 
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not  be  replaced  by  wcter,   v/e  would  observe  a  steady  drop  of 
mercury  in  the  mar.ometer.     In  the    case  of  two  C.9  IT  measure- 
ments,   both  made  with  manometer  15,   no  such  steady  drop  was 
observed,   and  the  actual  difference  between  the  observed  vol- 
ume which   indicated  the  lo-.v  ratio  and   that  which  indicated  the 
high  ratio  was  only  C.3   calibration  unit,    or  about  0.06  cubic 
millimetor.     It  is,    therefore,   necessary  to  assume  that  the 
observed  pressure  was  kept   constant  by  the   intake  of   sufficient 
water  to  replace  the   voluirie  of   solution  which  had  leaked  out. 
Dilution  of   the  solution  must  therefore  have  occurred.     Now, 
let  us  say  that  10  millicrams  of  sugar  escaped,   and  the   solution 
containing  this  was  replaced  by  an  equal  voluffie  of  water.     The 
capacity  of  the   cell  is  about  2C  cc,    and,   had  20  cc.  of  the 
0.9  K  solution  been  diluted  by  the  loss   of  10  milligrams  of 
sugar,    its  rotation  would  have  been  diminished  by  almostC.2, 
an  easily  detected  loss.     But  lot  us  assume  that  even  this  es- 
caped detection,    and  furthermore,    that  while  the   cell  was  quiet, 
the   dilution  only  occurred  in  that  fifth  of  the  total  20  c,c. 
which  lay  nearest   the  membrane.     This  five  cc.  would   then  have 
had   its  sugar  content  reduced  from  the  original  1.5273  g.  to 
1,5173   g.    .     The   observed  osmotic  pressure  of   the  first  concen- 
tration  is   23.721  atmospheres,   and  of  the   second  would  be  about 
23.566  atmospheres,   a  difference  of  0.155  atmospheres.     The  actual 
difference  in  pressure  between  experiments  155  and  70  was  0.306 
atmosphere,    or  about  twice  the  amount  which  could  be  accounted 


1.  The  error  in  assuming  the  weight  concentration  to  be  a  volume 
concentration  is  negligible  in  this  calculation. 
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for  when  every  advantage  is  given  the  above  argi.iment .  In 
this  calculation  an  assumption  has  been  made  which  is  perhaps 
falsa  to  the  actual  phenomenon.  It  was  assumed  that  the  ob- 
served low  pressure  wac  a  function  of  the  dilution  of  the  solu- 
tion. A  pseudo  equilibrium  might  have  obtained,  the  solution 
leaking  out  with  extreme  slowness,  and  the  water  entering  at 
the  same  slow  compensating  rate.  The  dilution  in  this  case 
might  have  been  inappreciable  at  the  end  of  even  a  consider- 
able period.  The  data  of  the  intake  of  water  through  the  mem- 
branes are  insufficient  to  base  any  calculations  upon,  and  there- 
fore at  can  only  be  said  that  a  rem.arkably  exact  and  constant 
adjustm.ent  of  intake  to  leak  must  have  occurred  in  each  case  to 
produce  a  pseudo  equilibrium  of  the  constant  m.agnitude  observed. 
Again,  if  the  original  solutions  v;ere  v/rongly  made  up, 
the  error  would  be  detected  in  the  rotation. 

Let  uG  now  consider  another  point.  In  calling  attention 
to  the  necessity  of  very  accurate  temperature  regulation,  Forse 
and  Holland  stated  in  their  article,  Thg_Kep;ulation  of  Tem.porature 
in  the  Veasurement  of  Osmotic  Pressure,  ,  that  "the  ideal  would 
be  a  regulation  so  exact  that  not  oven  the  fora  of  the  mercury 
meniscus  in  the  manometer  could  be  sensibly  affected  by  varia- 
tions in  the  volunie  of  the  enclosed  solution",  and  "....even  the 
variation  in  the  form  of  the  meniscus  becomes  a  matter  of  import- 
ance vfhenever  it  is  attempted  to  measure  the  osmotic  pressure  of 
concentrated  solutions".  If,  for  exam.ple,  v;ith  manometer  15  and 

1.  Am.  Chem.  Jour.,  Feb.  1909. 
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tho  pressure  of  a  C.9  TT  solution,  the  observed  volume  plus 
the  double  meniscus  correction  is  22.57,  and,  owing  to  slight 
variations  in  temperature,  the  mercury  has  risen  and  then  fall- 
en leaving  the  meniscus  flat,  then  one  half  the  double  meniscus 
correction  has  been  added  erroneously.  One  half  the  double  men- 
iscus correction  for  manometer  15  is  0.08  calibration  unit.  Sub- 
tracting this  from  the  22.57  we  get  for  the  true  volume  of  the 
nitrogen  12.49  calibration  units.  In  the  particular  observation 
taken  as  the  basis  for  this  calculation  the  22.57  voluirie  was 
found  to  give  a  ratio  of  1.G9C.  Had  22.49  been  the  true  volume, 
it  would  have  given  in  the  calculation  tho  ratio  of  1.094,  while 
the  maximum  obtained  for  a  0.9  K  solution  is  1.103.  Obviously, 
errors  in  meniscus  correction  produced  the  greatest  effect  in 
tho  calculated  pressures  of  high  concentrations,  and,  since  the 
discrepancy  which  might  be  attributed  to  a  complete  flattening 
of  tho  meniscus  affects  the  ratio  for  a  0.9  K  solution  but  four 
points  in  the  third  decimal  place,  as  sho-ra,  it  would  have  pro- 
portionately less  influence  upon  the  ratios  for  lower  concentra- 
tions. Further,  more  than  a  slight  flattening  of  the  meniscus 
would  not  have  escaped  notice  ir.  the  reading.  Therefore,  it  is 
to  ba  concluded  that  this  source  of  error,  when  taken  alone,  is 
insufficient  to  explain  the  differences  between  the  ratios  of 
table  A  and  those  of  table  B,  although  it  is  of  considerable  im- 
port, as  the  0.004  point  possible  error  in  the  0.9  TI  ratio  will 
show. 

It  is,  of  course,  possible  that  a  "heaping"  of  all 
these  errors  in  one  direction  would  cause  a  low  pressure  to  bo 
observed  in  one  case,  while  the  maximum  was  allowed  to  develop 
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in  another  case.     This   is  highly  improbable   in  view  of   the 
fact  that-«e^distinctly^inte?iae44ate  valuer  have^been  observed. 
There  is,    therefore,   every  evidence  that  scane  constant  differ- 
ence  in  the   conditions,    as  yet  not  fully  known,    has   caused   the 
discrepancy.     Certain  possible  sources  have  long  been  recognized; 
b'.-t  it  has  been  the  policy  in  the  researches  in  this  laboratory 
to  attack  those  problems  which  seemed  of  greatest  moment,   and  to 
leave  other  smaller  sources  of  error  tiU  the  larger  ones  have 
been  removed.     At  present  cur  time  and  thought  is  concentrated 
upon  the  manoirieterB,   and  manometers  of  a  type  which  will,    for 
the  most  part,   eliminate  the  errors  of     nteniscus  correction  are 
under  construction.     With  tho  development  of  these  and  other  im- 
provements in  the  apparatus  the  time  is  approaching  when  the  ac- 
curacy of  the  measurements  will  exceed  even  that  which  now  ob- 
tains,   and  the  absolute,    rather  than  the  relative,    osmotic  pres- 
sures,  may  bo  the   subject  of   future  investigations.     It  may  there- 
fore be  well  to  call  attention  to  certain  conditions  which  far 
moro  ixTiportant  matters  have   forced  into  the  background  to  av/ait 
more  thorough  investigation,    but  which  are  of  live  interest,    not 
only  because  they  are  recognized  as  having  a  possible  influence 
upon  the  true  osmotic  pressure,    but  because  they  may  possibly 
have  had  something  to  do  v/ith  the  discrepancies  observed  in  the 
present   investigation.     Because  of  the   scantiness  of  quantitative 
evidence  for  or  against  these   considerations  they  will  be  dis- 
cussed under  the  heading 
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THEORETICAL  GO'TSlDERA.TIO'txG. 

The  sietcbrana  fonriers,   that  is  the  potassiuin  ferro- 
cyanide,   which  is  put  into  the  sugar  solution  and  the  copper 
sulphate  into  which  the  cell  is  placed  dur-Jig  a  measurement, 
were   calculated  to  be  isosmotic   from  considerations  of   thsir 
freezing  point  lov/erings  and  conductivities.       The  concentra- 
tions of   osmotically  active  particles  in  solutions  of  each  of 
these  salts  is   still  in  doubt,    but  -no  have  seme  evidence  that 
the  solutions  in  us*  as  membrane  formers  are  not  isoamotic   . 
In  addition  it  is  known,    that   there  is  a  conside  lable  difference 
of  potential,   when  a  potassium  ferrocyanide  solution  of  the  con- 
centration used  is  placed   in  the   cell,   and  the   cell  dipped  into 
a  copper  sulphate   solution  of  the  concentration  used   in  a  measure- 
ment.    TThen  measured  with  platiniim  electrodes,    by  a  potentiometer, 
and  at  constant  temperature,    the  two  solutions  separated  by  the 
membrane   of  cell  Z,    shortly  after  Z  was  taken  dovm  from  a  meas- 
urement,   showed  a  difference  of  potential  of  0.452  volts,     :de- 
clining  to  0.449  volts   in  5  minutes.     TTith  cell  P,    tv/o  hours  after 
it  had  been  subjected  to  the  electrolytic  process  for  the  renewal 
of  the  membrane,    the  difference  of  potential  was  0.752  volts  which 
declined   steadily  to  0.519  volts  at  the  end  of  three  hours.     In 
each  case   the  electrode  in  the  copper  solution  was  positive  to 
that  in  the  ferrocyanide  solution,   as  might  bo  expected  if  part 
at  least  of  the  difference   in  potential  is  due   to  the  establish- 
ment of  a  liquid  element.       The  curious  behavior  of  a  cell's 

1.  Am.  Chem.  Jour.,  34,  31;  34,  311. 

2.  Attention  was  called  to  the  significance  of  this  on  pa-:e  \^    . 
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electrical  resistance  during  the  round  of  its  treatment  is  also 
to  be  noted.  When  treated  electrolytically  for  the  renewal  of 
the  membrane,  the  resistance  sradually  rises  in  the  course  of  an 
hour  to  its  customary  maximum,  which  for  some  cells  is  as  high 
as  500,000  ohms,  and  has  been  known  to  reach  1,000,000  ohms, 
mien  removed  from  the  electrolysing  bath,  and  allowed  to  soak, 
the  cell  ih   found  to  show  a  declining  resistance,  which,  in 
the  course  of  a  few  hours,  may  become  one  fifth  of  its  former 
value;  and,  if  the  resistance  is  taken  immediately  after  the 
cell  has  been  taken  down  from  a  measurement,  it  is  found  to  vary 
considerably  in  different  cases,  and  in  certain  instances  to  be 
cl<)80  to  the  initial  resistance,  and  in  other  cases  to  have  de- 
clined greatly. 

From  the  above  considerations  it  may  be  inferred  that 
we  may  possibly  have  to  deal,  not  only  with  a  difference  in  the 
osmotic  concentrations  of  the  tv/o  membrane  formers,  but  also  with 
the  possibility  that  adjustm-ents  towards  electrolytic  equilibrium 
may  take  place  in  varying  degrees.  It  is  to  be  hoped  that  fur- 
ther study  of  this  problem  m.ay  throw  some  light  on  tho  discrepan- 
cies observed  in  the  present  investigation. 

A  further  theoretical  consideration  is  now  presented, 
not  because  any  great  importance  is  to  be  attached  to  a  cortain 
parallelism  between  the  theory  and  certain  facts  which  have  be- 
coire  prominent  in  the  work,  but  because  it  is  hoped  that  the 
idea  may  be  of  interest. 

It  has  been  observed  that  to  produce  a  membrane  capable 
of  allowing  the  development  of  a  maximum  osmotic  pressure,  there 
are  required  -weeks  and  often  months,  durirg  which  the  copper  far- 
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rocyanide  membrane  is  repeatedly  packed  by  the  electrolytic 
process  using  as  high  a  potential  as  is  consistent  -.vith  tlie 
safety  of  the  membrane.  Weak  spots  in  the  m.embrane  are  then 
burst  by  subjecting  them  to  high  osmotic  pressure,  xith  the 
membrane  formers  present,  and  the  rents  are  mended  by  electrol- 
ysis. Furthermore,  it  has  been  found  necessary  to  renew  the 
membrane  between  each  measurement.  Membranes  which  have  not 
been  so  repacked  just  previous  to  a  measurement  have  been  found 
not  to  allow  the  developm.ent  of  the  highest  obtained  pressures 
but  permit  a  steady  decline  in  pressure.  At  times  a  nev/  cell 
will  give  a  constant  pressure  below  the  maximum  but  never,  un- 
til after  continued  treatment,  a  maxiirium..  There  is  also  som.e 
evidence,  obtained  this  year  by  Dr.  Holland  and  Vr.  Meyers,  and 
confirm.ed  by  past  experience,  that  the  efficiency  of  a  mem.brane 
is  improved  when  it  is  packed  at  a  higher  temperature  than  that 
at  which  the  measurement  with  it  is  made,  the  supposition  being 
that  the  coefficients  of  expansion  of  me'mbrane  and  cell  wall  are 
such,  that,  when  the  temperature  is  lowered,  ths  membrane  is 
packed  closer.  There  is  therefore  some  basis  for  believing  that 
the  development  of  a  maxim.um  osmotic  pressure  is  intim,ately  con- 
nected v/ith  a  close  texture  of  the  mem.brane. 

Let  us  now  assume  that  the  mem.brane  is  semipenaeable 

2 

by  reason  of  a  network  of  exceedingly  fine  capillaries.  Moore 

on  the  basis  of  this  assumption,  deduces  the  following  relation 
connecting  the  surface  tension  of  solutions  with  their  osmotic 


1.  110  volts  has  been  found  best. 

2.  Phil.  Mag.,    38  279    (1894)   Fifth  Series. 
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pressure. 


(1)   2  trr  T  =  TT  r^  P 

•.vhence  P  =     ^  "^ 
r 


"where  T  is  the  difference  between  the  surface-tension  of  the 
solution  and  that  of  the   pure  solvent,   P  the  osmotic  pressure 
in  this  solution,    supposed  to  be  due  to  the  action  of   this  dif- 
ference in  surface  tension,    and  r  the  radius  of  a  capillary 
opening  placing  the  solution  and   the   solvent   in  communication". 

According  to  the  equation,    P  =  ^^,   P  is  a  function 
of  r  and  must  increase  as   r  diminishes,    that    is,    as  the  membrane 
is  packed  closer  and  closer  and  the  capillaries  become  smaller 
and  smaller,  Moore  then  deduces  that  when  the  radius  of   the  capil- 
lary becomes  so  small  that  the  surface  tension  acts  not   only  at 
the  perimeter  but  over  the  whole   cross   section  of  tho   capillary, 
a  condition  which  will  bo   realized  when  the  diameter  of   the  capil- 
lary approaches  the   diameter  of  molecules,    then  equation  (1)   be- 
comes: 

Tlr^  t  n  TTr^  P 
or  t  =  P 
v/here  t   is  the  difference   for  maximum  value  of  m.olecular  attraction 
for  solution  and   solvent.     Therefore,   with  capillaries  of  molecu- 
]ar  dimensions,   the  osmotic  pressure  would   cease  to  be  a  function 
of  r  and  a  m.aximuis  would  obtain. 


1.     Referring  to  Koore's  article   it  wi'l  be  seen  that  less  danger 
of  confusion  would  have  been  incurred  had  P  been  tenried  the  hydro- 
static pressure. 
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It  may  be  well  to  call  attention  to  the  fact  that 
etjuation  (l)  is  the  condition  of  a  pseudo  equilibrium.  Ac- 
cording to  well  known  thenriodjTiaffiical  reasoning  P,  "the  os- 
motic pressure"  as  a  function  of  r  could  in  no  sense  of  the 
v/ord  be  taken  as  the  true  osnotic  pressure  of  a  solution  in 
equilibrium  with  the   solvent. 

Attention  is  called  to  the  deduction  simply  to  show 
the   interesting  parallelism  between  what   it   suggests  to  the 
mind,   and  the  inference  which  is  aroused  by  a  consideration 
of  the  methods  found  necessary  in  this  laboratory  to  produce 
perfect  membranes. 

In  conclusion  it  may  be  said  that  no  one  of  the 
considerations,    experimental  or  theoretical,   which  have  been 
advanced  in  this  paper  can  be  claimed  in  the  present  state  of 
our  knowledge  to  be  adequate  for  the  explanation  of  the  dis- 
crepancy betv/eon  the  two  sets  of  ratios;   and,   with  one  excep- 
tion,  that  the  constancy  of  the  discrepancy  is  such  as  to  seem 
to  preclude  the  argument  that  errors  were   "heaped".     Yet  all 
considerations  alike  seem  to  militate  against  the  low  and   in 
defense  of  the  high  values.     The  high  ratios  are  therefore  pro- 
visionally judged  to  be  the  more  reliable. 
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A  large  supply  of  cane  sugar  of  known  high  purity 
has  been  prepared,  in  order  that  the  measurements  in  progress 
during  the  past  year,  as  well  as  those  to  be  made  for  some 
time  to  come,  may  have  the  advantage  that  they  were  conducted 
with  a  single  stock  of  sugar  of  guaranteed  purity. 

Vinor  improvements  have  been  made  in  the  apparatus 

used  at  20  . 

The  measurements  made  of  the  osmotic  pressures  of 
cane  sugar  solutions  at  2C°  have  furnished,  on  the  one  hand, 
data  which  confirm  the  conclusion  deduced  from  nieasurements 
at  other  temperatures,  namely,  that  the  temperature  coefficient 
of  the  osmotic  pressure  of  cane  sugar  solutions  ranging  in  con- 
centration from  one  tenth  we ight  nomal  to  normal  follows  close- 
ly the  temperature  coefficient  of  gases  within  the  range  of  tem- 
perature 0°  -  20°. 

And,  on  the  other  hand,  there  have  acciimulated  in  this 
investigation  a  few  data,  which,  if  taken  without  due  considera- 
tion, might  be  claimed  to  stand  at  slight  variance  with  the  former 
conclusion.  But  these,  it  is  believed,  are  of  more  scientific  value 
when  used  in  calling  attention  to  certain  conditions  and  certain 
problems,  which,  it  is  hoped,  further  investigation  will  clarify 
to  the  advantage  of  whatever  conclusions  the  evidence  yet  to  be 
accumulated  may  point. 
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